tors that frequently vary by season (and have been suspected to increase the risk of neurodevelopmental disorders such as schizophrenia and autism) include viral infections, 1-3 variations in nutrient intake, precipitation rates (rainfall), 4 and pesticides (organophosphates and organochlorines). 5, 6 Previous studies suggest that children born in the winter have a 10% increased risk of developing schizophrenia compared with those born in other seasons. 7, 8 However, mixed results have been reported for the association between season or month of birth and risk of autism. The earliest study we were able to identify that examined month of birth in association with autism was published in 1981. 9 The investigator compared the birth patterns of 810 children with autism with those of 768 live birth controls and found that children with autism have an excess of March and August births. March birth has also been associated with increased risk of autism in studies conducted in Israel, 10 Sweden, 11 and Denmark. 12 Some researchers examined season rather than month of birth. Studies from Canada, 13 Japan, 14 the United States, 15 and the United Kingdom 16 have reported spring birth as a risk factor for autism. Other researchers have reported an increased risk of autism for summer 13, 15 and fall 15 births. Not all studies have found an association between month or season of birth and autism. 17, 18 Bolton et al 19 obtained different results in their analysis depending on how season was defined. When December was included in the winter, they found a difference in the birth pattern of their cases and controls. However when it was included in the fall, there was no difference.
Methodological differences among the reviewed studies make it difficult to compare results. For example, source of controls differed across studies. Investigators have used siblings, live-births, or patients with other types of disabilities as controls. If the exposure leading to autism is also a risk factor for other disabilities, then including children with other disabilities in the control group could bias the result towards the null. The use of siblings as controls will also tend to dilute measures of association between environmental factors and diseases because children from the same family will tend to share household or neighborhood exposures, as well as a portion of their genes, increasing the likelihood that their susceptibility to other neurotoxic factors will also be similar.
A major limitation of studies that use time of birth as the exposure is that critical time-windows of development will not be a constant distance (in time) from birth, but will vary according to the length of gestation. However, critical developmental windows are more nearly a constant distance from conception. Thus, analyses based on time of conception will provide more accurate results because they are subject to less exposure misclassification, especially if the window of susceptibility is relatively narrow.
A recent study in the United Kingdom 16 reported that children conceived in summer were at increased risk of developing autism compared with those conceived in autumn (OR ϭ 2.08 ͓95% CI ϭ 1.18 -3.70͔). 16 The study had only 86 cases, thus precluding a reliable estimate for the risk associated with month of conception. Moreover, the results were not adjusted for covariates that could potentially confound the crude findings.
The goal of the present study is to further investigate whether certain months or seasons of conception are associated with increased risk of autism, using a data set far larger than previous studies on seasonality and autism. The study was approved by the Institutional Review Boards for the Protection of Human Subjects of the State of California and of the University of California, Davis.
METHODS

Study Population
Between January 1990 and December 2002, there were 7,227,581 live births in California. For the purpose of our analysis, we excluded 5894 infants who died before their first birthday because they did not survive to an age when autism is typically diagnosed. An additional 616,449 (9%) were excluded because: missing information was on month of last menstrual period, child's sex, maternal age, maternal education, race/ethnicity, and mother's place of residence at time of childbirth; mother's residence was out-of-state; or the record showed a discrepancy between the gestational age and birth weight or had extreme length of gestation. We used the cut-points of the National Center for Health Statistics for implausible birth weight for gestational age reported by Pearl et al 20 (gestation Ͻ20 weeks, birth weight Ն1000 g; 20 -23 weeks, Ն2000 g; 24 -27 weeks, Ն3000 g; 28 -31 weeks, Ն4000 g; 32-47 weeks, Յ1000 g). Another 263 records were excluded because of discrepancy between date of birth and date of autism diagnosis (eg, the latter preceded the former, indicating recording errors). The final study cohort consisted of 6,604,975 liveborn children (91%) who were followed to their sixth birthday for a possible diagnosis of autism. Figure  1 provides more details of study population construction.
Case Identification and Matching
The California Department of Developmental Services determines and coordinates services for persons with developmental disabilities through its 21 independent contracting regional centers. The Client Developmental Evaluation Report is the instrument used to periodically evaluate clients age 3 years and older. For younger clients, the Early Start Report is used. We obtained these files from the Department of Developmental Services for the period of 1990 -2008 and matched them with California birth records of 1990 -2002 to identify children in the birth file who developed autism. The overall matching rate was above 90%. Details of the matching method and identification of autism cases in the Department of Developmental Services database have been described elsewhere. 21 Autism cases were defined as "full syndrome" autism (status 1) on the Client Developmental Evaluation Report, or International Classification of Disease (ICD-9) code 299.0 in any field in which ICD codes could be noted on either the Client Developmental Evaluation Report or the Early Start Report, or a checkmark for autism under developmental disabilities. Those children who met the criteria and were younger than 6 years of age at the time of the diagnosis were considered cases.
Statistical Analysis
The main exposure variable is month of conception.
Month and year of conception were estimated based on the child's date of birth and the length of gestation. We examined month of conception and season of conception (winter com- prising December, January and February; spring, March, April, and May; summer, June, July, and August; and fall, September, October, and November). Months and seasons of conception were combined across years. The data were reviewed for outliers and missing values, using univariate descriptive analyses.
Bivariate analyses were conducted between season of conception and selected covariates previously reported to be associated with increased risk of autism. 6, 22 We also examined the association between these covariates and the risk of autism. The covariates included preterm birth (gestational length Ͻ37 weeks), maternal age (age Ͻ35 years vs. Ն35 years), maternal education as an index of socioeconomic status (less than or equal to high school vs. greater than high school graduate), child's sex, child's race (white, black, Asian, mixed, and others), ethnicity (non-Hispanic, Hispanic, and others), maternal place of residence at childbirth (grouped into areas defined by the Department of Developmental Services regional centers), and year of conception. We assigned a dummy variable to each calendar year of conception, producing 14 categories (categorical variable for year of conception) with 1999 arbitrarily chosen as the referent year. We also derived a continuous variable for date of conception representing time elapsed (in years, but not rounded to whole numbers) between 1 January 1990 and the estimated date of conception.
First, we fit an unadjusted logistic regression model with autism diagnosis before the sixth birthday (referred to as autism by age 5) as the dependent variable and month or season of conception as the independent variable. We chose July as the reference month because of its association with low influenza activity in California. Following the same logic, summer was chosen as the reference season. A series of multiple logistic regression models were fit to the data to control for potential confounders. We conducted 2 sets of multivariate logistic regression analyses, controlling for yearof-conception first as a categorical variable and then as continuous calendar time. Covariates associated with both season of conception and autism were considered potential confounders and entered into the full multivariate logistic regression model. Variables were retained in the model only if they changed a beta coefficient of any month or season of conception by at least 10%.
For the purpose of comparison with previous studies, we fitted alternative logistic regression models, with month of birth (rather than conception) as the main independent variable. April was chosen as the reference month because it corresponds to the month of birth for the majority of children conceived in July (the reference month in the analysis of month of conception). We report the odds ratios (ORs) and their 95% confidence intervals (CIs) as measures of association with the corresponding precision between each month or season and autism. The Statistical Analysis Software (SAS, Inc., Cary, NC) 23 package was used to carry out all analyses.
RESULTS
In bivariate analyses, maternal age, education, race, ethnicity, place of residence, preterm birth, and year of conception were each associated with season of conception (data not shown). However, only maternal education, child's ethnicity, and year of conception were confounders; thus, we included these variables in all multivariate models. Table 1 summarizes the monthly distributions of conception for all children and for cases, and the unadjusted and When year of conception was controlled categorically, the highest risks were in November and December. We used graphical techniques to check the assumption of a linear relationship between the incidence of autism and year of conception (Fig. 2) ; this assumption was adequately met.
In the seasonal analysis, conception in winter was associated with increased risk of autism (OR ϭ 1.06 ͓95% CI ϭ 1.02-1.10͔) compared with conception in summer. When seasons were redefined (winter comprising January-March; spring, April-June; summer, July-September; and fall, October-December) the winter OR was 1.08 (1.04 -1.12).
Additional adjustment for child's sex, preterm status, and maternal age did not alter these results. In addition, restricting the analysis to singleton, full-term, or preterm births did not change the pattern of findings (data not shown).
When we reanalyzed data using month of birth rather than month of conception, we found that August, September, October, November, and December births were associated with increased risk of autism. However, after controlling for year of birth, maternal education, and child ethnicity, only November births (OR ϭ 1.12 ͓95% CI ϭ 1.05-1.20͔) compared with April births, were associated with increased risk of autism ( Table 2) .
The incidence rate of autism increased steadily beginning with conceptions in August and continuing to March, then decreased from March to April, and stayed flat until July (Fig.  3) . The rate of autism also rose over time from 9 per 10,000 children conceived in 1989 to 63 per 10,000 children conceived in 2002 (Fig. 2) , corresponding to results recently published regarding the rise in the incidence of autism in California. 21 
DISCUSSION
In an analysis of a birth cohort of children born in California between January 1990 and December 2002, conception in December, January, February, and March was associated with a modest increased risk of autism, ranging from 8% to 16%, after adjusting for maternal education, child's year of conception, and ethnicity. Conception in March was associated with the highest risk of autism.
Time of conception can provide clues about environmental factors that could be associated with autism. Environmental agents that predominate in California during December- March include viral infections and agricultural applications of certain pesticides. According to the Centers for Diseases Control and Prevention, February is the month with the highest percentage of influenza cases (nearly 50% of all cases), followed by January (20%), and March and December (about 15% each). 24 The California Influenza Surveillance Project data likewise show that influenza activities are at their peak from about December to March. 25 These are the specific months in which conception was associated with increased risk of autism in our data.
There has been little epidemiologic research to address a possible association of viral infection with increased risk of autism. In the 1970s, 2 independent research groups reported an association between prenatal congenital rubella infection and increased risk of autism. 2, 3 Clinical infection of pregnant women with measles, mumps and chicken pox has also been reported to be associated with increased risk of autism. 26 However, the prevalence of those viruses is very low in the United States due to effective vaccination programs, and thus they are unlikely to play a strong role in the etiology of current cases of autism.
Influenza, in contrast, is much more common. One earlier case-control study reported that mothers were more likely to have had influenza or to have been exposed to influenza during their pregnancies with offspring having autism than with their other offspring. 26 In contrast, Dassa et al 27 did not find an association between high probability of maternal exposure to influenza during pregnancy and autism. However, the manner in which exposure was characterized in the latter study could have resulted in misclassification, leading to biased results.
Prenatal influenza infection in mice leads to offspring with behavioral deficits that are similar to the deficit in social interaction and restricted interests observed in children with autism. Similar results have been observed in the absence of viral infection by injecting the double stranded RNA poly (I:C) in pregnant dams, which produces an inflammatory response. 28 The heterogeneity of the viruses that have been associated with risk of autism, in addition to the fact that maternal exposure to the double stranded RNA poly (I:C) can produce in animals the same effect as viruses, 28 has led researchers to suggest that maternal reaction to infections is a more plausible mechanism of pathology than a direct viral effect on fetuses. 29 Agricultural and other pesticide applications also vary by season. Data from California's Pesticide Use Report indicate that between 1990 and 2003, about 50% of the total amounts of 13 agricultural organophosphate and organochlorine pesticides were applied in the summer. 30 Previous studies have suggested an association between both organophosphate and organochlorine pesticides and neurodevelopmental disorders. 5, 6, 31 In the present analysis, we did not find an association between conception in the summer and risk of autism. However, children conceived in the higher-risk months in our study would have been in their second or third trimester during the summer season. If the excess seasonal risk is related to organophosphate or organochlorine pesticides, this would imply that the sensitive period for a pesticide effect could be in the second or third trimester.
If agricultural pesticides were causes of autism, one might not expect every analysis of seasonality to find the same risk months because agricultural practices (and thus pesticide appli- Other seasonal factors include maternal allergies during pregnancies 32 and mild maternal nutritional deficiencies for such factors as vitamin D. 33 We know of no epidemiologic studies that have explored the association of such factors with autism.
Our results could be subject to some minor misclassifications of outcome or exposure. We derived months of conception from the date of birth and the length of gestation. The latter was estimated based on the self-reported date of last menstrual period from the birth file. These dates can be subject to recall errors due to uncertainty in the reported dates, bleeding during early pregnancy not associated with menses, menstrual irregularities, and variation in the length of the follicular phase of the menstrual cycle. 34 These uncertainties can lead to either differential or nondifferential misclassification of the month of conception. For example, low fertility can be associated with irregularity in menstruation. If low fertility is associated with autism, 35 there could be a differential misclassification of exposure (month of conception). In this case, it would be difficult to determine the direction of bias. However, because our findings are clustered in consecutive months, the impact would likely be low.
We relied on diagnoses reported on the Client Developmental Evaluation Report and Early Start Report, which are not systematically confirmed. However, a previous study confirmed that about 98% of cases of autism reported in the Department of Developmental Services database were at least on the autism spectrum, based on either an Autism Diagnostic Interview-Revised or an Autism Diagnostic Observation Schedules-Generic, and 64% were confirmed autistic-disorder cases based on both instruments. 36 Thus, we can assume that false-positive cases will be minimal among our cases, if we consider all autism spectrum disorders as cases.
It is possible that autism or autism spectrum disorders are present among the controls. Not all children with autism in California are registered in the Department of Developmental Services database. 21 A previous study reported that about 75%-80% of autism cases in California 22 are regis-tered. We do not expect these missed cases to affect our results because they would be a very small fraction of the controls. If we assume that 25% of cases are misclassified as controls, and also assume that this misclassification is independent of month of conception, our ORs and 95% confidence intervals are virtually unchanged (Table 3) .
A recent study in the United Kingdom found increased risk of autism associated with conception in summer. 16 However, neither age at diagnosis nor the duration or definition of the follow-up period was provided. Moreover, the study had a small number of cases (86 compared with 19,238 cases in our report). Atladottir et al 37 reported no association between season of conception and risk of autism, but their study had fewer than one-tenth the number of cases of autism spectrum disorder as our study, and therefore probably had insufficient power to detect the magnitude of effect that we observed in the California data.
Previous studies on season of birth have reported increased risk of autism in infants born in March or August. We found, in a study considerably larger than these earlier investigations, that November births (corresponding to February conception) had the highest risk after controlling for year of birth, maternal education, and child ethnicity.
Increases in the rate of autism have been reported. 21 To remove the effect of such increase on the estimated rates, we controlled for time trend. 37 Year of conception was a strong confounder of the association between month of conception and risk of autism (and also between month of birth and risk of autism), as evidenced by changes greater than 10% in the magnitude of the beta coefficient for some months or seasons of conception. By adjusting for the time trend on a continuous scale, we minimize residual confounding that can occur when time is controlled on a categorical scale. The relation between the rate of autism and calendar time in our data was approximately linear (Fig. 2) .
Most previous studies have not controlled for calendar time. 9, [11] [12] [13] [14] 18, 38 One study controlled for a birth-cohort effect by grouping years of birth into 4-year categories. 15 Such analysis could be subject to residual confounding due to wide categories. Kolevzon et al 17 reported controlling their results for year of birth, although they did not state precisely how the variable "year of birth" was parameterized. We observed modestly higher risks of autism among children born in winter months. Month of conception can represent a surrogate for seasonal causal factors (eg, potentially, viral infections, pesticides, and so forth). It is possible that by using month of conception, we introduced nondifferential misclassification relative to the actual exposure, for which season is acting as a proxy. Nondifferential misclassification can lead to an underestimate of the true measure of association. Thus, if these findings are reliable, the true underlying causal factor probably has a stronger association with autism than observed here for month of conception.
The importance of small effects has been questioned. 39 Odds ratios or relative risks are measures of effect that provide information on the profile of individual cases of diseases but are not informative about the determinants of overall disease incidence in the population. 40 Small changes in the overall population risks can have important effects on population disease burden, particularly when exposures are commonplace. 41 Our results suggest that the presence of some environmental factors that vary by season are involved in the etiology of autism.
